Introduction
Urbanization and the quest to improve living standard in most cities of developing countries have resulted in an increase in quantity of municipal solid waste (MSW) generation. In most developing countries open burning of wastes is still performed in an uncontrolled manner, thereby making waste generation an issue of environmental and health concern. Rapid combustion of wastes occurs in most landfills resulting in direct emission of odours, particulate matter, greenhouse gases and other gaseous pollutants to atmosphere. It is apparent that unconventional burning activities in either dumpsites or landfills change the composition of the atmosphere leading to, for instance, increased acid deposition, stratospheric ozone loss and potentially climate change. 1, 2 Gaseous pollutants such as oxides of nitrogen (NOx), sulphur dioxide (SO 2 ) and carbon monoxide (CO) are implicated in these global environmental effects and their control is an issue of current public concern. 3, 4 However, control strategies must be based on an understanding of the concentrations of gaseous pollutants from pollution sources such as landfills.
In Nigeria, as in many developing countries in the world, numerous studies examining concentrations of NOx and SO 2 from vehicular and industrial emissions have been reported. [5] [6] [7] [8] Pollution resulting from the emission of atmospheric gaseous pollutants at various municipal solid waste dumpsites have received little or no attention. The economy in Nigeria has led to an influx of people migrating from rural areas to Ibadan city in search for a better quality of life. Ibadan is the third largest city in Nigeria, with a population of over 3 million and a total area of about 3080 km 2 . 9 Migration to this city is increasing the annual rate of solid waste generated. The city now generates more than 996 102 tons of solid waste annually. 10 Much of the wastes is collected and managed by the state Solid Waste Management Agency (SWMA). Lapite and Awotan dumpsites are designated for the disposal of solid wastes. The combustion of wastes in an uncontrolled manner at the dumpsites is subjecting the neighbourhood to health risks from obnoxious smell, smoke and gaseous emissions including greenhouse gases (GHGs). The substantial emission of SO 2 , NOx and NH 3 to the atmosphere is inevitable and this inordinate emission has the potential to adversely impact the people residing in the vicinity of the dumpsites. Despite the observed annual rate of increment in waste generation, there seems to be lack of information regarding the levels of gaseous air pollutants emanating from these dumpsites. Hence, there is a need to account for the contribution of this pollution source to atmospheric gaseous pollutants. This information can guide future national gaseous emission control programmes. Therefore, the purpose of this study was to determine the concentrations of sulphur (IV) oxide (SO 2 ), nitrogen oxides (NOx), and ammonia (NH 3 ) from Awotan and Lapite dumpsites in Ibadan. A regression model was intended to be generated for subsequent air pollutant emission estimation from the solid wastes generated in the city.
Experimental Methods

Description of Study Area, Sampling and Characterization of Solid Wastes
The sampling of solid wastes and collection of air samples were carried out at Lapite and Awotan dumpsites located in Ibadan (Fig. 1 ) between July and October 2016. Permission was sought from SWMA to conduct sampling on these two frequently used dumpsites in Ibadan. Lapite was noticed to be very active in receiving the highest proportion of waste generated in Ibadan, while Awotan received comparatively less. The two dumpsites were chosen for this study because of their proximity to residential areas. Lapite dumpsite (latitude 7°34'08"N and longitude 3°54'39"E) occupies about 20 hectares, while Awotan dumpsite (latitude 7°27'48"N and longitude 3°50'56"E) occupies about 25 hectares. Solid waste samples were collected from the dumpsites for the purpose of characterization. A quadrant (60 × 60 cm 2 ) was purposively placed randomly upon the waste heaps at north, south, west, and east locations of the dumpsites. All forms of solid wastes that were directly under the area covered by the quadrant were collected into a polythene bag. The process was repeated randomly three times at each location. Solid wastes from each location were packed into different polythene bags and 5.0 kg of solid waste was weighed out of each polythene bag into another empty polythene bag and mixed
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A.R. Ipeaiyeda and B.A. Falusi, 167 S. Afr. J. Chem., 2018, 71, 166-173, <http://journals.sabinet.co.za/content/journal/chem/>. thoroughly. Thereafter, 75.0 kg of the mixed solid waste sample was accurately weighed to obtain a representative sample for each location and various components were segregated. The processes of collection and segregation of solid wastes were repeated at every sampling period. A total number of 80 (1 sample × 80 days) mixed solid waste samples were segregated for each dumpsite.
Sampling and Determination of Gaseous Air Pollutants
During the sampling periods, air was absorbed into various reagents for SO 2 , NO x and NH 3 determinations using air sampling trains. [11] [12] [13] Each sampling train that was made of a wooden box (55 cm × 33 cm × 25 cm) with four impingers. Air was aspirated into the impingers by a vacuum pump. The impingers were connected to the vacuum pump through capillary tubes fitted with polypropylene funnels and glass orifices for the passage of air at the specific flow rate of the connected glass orifices. The modified West and Gaeke procedure was used for the determination of SO 2 in air samples. [14] [15] [16] The determination of NOx based on the Griess-Saltzman colorimetric azo-dye forming reagent was done following the intersociety committee method of analysis. 17, 18 The colorimetric method following nesslerization procedure was used for the determination of NH 3 . 19, 20 At each sampling site, the sampling trains were mounted on stands about 2 m high, at a suitable open space in the north, south, west and east locations of the dumpsite. This constituted four sampling locations in each dumpsite. The sampling trains were configured with critical orifices whose flow rates were calibrated for SO 2 (549 mL min -1 ), NOx (1012 mL min -1 ) and NH 3 (860 mL min -1 ). The first impinger was filled with 15 mL of 0.1 M potassium tetrachloromercurate (II) for absorbing SO 2 . Sulphur dioxide (SO 2 ) from air reacted with potassium tetrachloromercurate (II) to form dichlorosulphitomercurate complex, which was made to react with pararosaniline and formaldehyde solutions to form an intensely purple coloured pararosaniline methysulphonic acid. [14] [15] [16] The second impingers contained chromic acid which converted the nitrogen monoxide present in the air to nitrogen dioxide. The third impinger contained 15 mL of a mixture of sulphanilic acid (5.0g) dissolved in glacial acetic acid (140 mL) and 20 mL of 0.001 g mL -1 of N-(1-naphthyl)-ethylenediamine dihydrochloride (NINE) for absorbing NOx. The diazotization reaction of NINE in glacial acetic solution with NOx contained in air formed a pinkish coloured azo-dye solution. 17, 18 The fourth impinger was filled with 15 mL of 0.5 M sulphuric acid solution for absorbing NH 3 in the air. This solution was subsequently treated with 2.0 mL of Nessler reagent to give a brown coloured solution. 19, 20 Each sampling was operated for 1 h. In order to determine the degree of variation during a daytime cycle of activities within the dumpsites, air was sampled at four locations in each dumpsite for seven defined 1-h periods of the day. The sampling periods were 8-9 am, 9.15-10.15 am, 10.30-11.30 am, 1-2 pm, 2.15-3.15 pm, 3.30-4.30 pm and 4.45-5.15 pm for all locations. The sampling was done five times a week for four months. A total number of 2240 air samples (4 locations × 7 hours × 80 days) were collected for each dumpsite. Calibration curves were prepared from standard sodium sulphite, sodium nitrite and ammonium chloride solutions. Reagents used were of analytical reagent (AR) grade. Reagent blanks were analyzed for each daily sampling and analysis. The absorbance values of the solutions after colour development were measured using Spectrumlab 752s UV/Vis spectrophotometer. The measurements of absorbance were carried out for all the absorbing solutions from the four locations (north, south, west and east) in each dumpsite.
The reading was carried out in duplicate and average data were obtained for each set of absorbance measurements. Duncan's multiple range test was used to investigate if monthly concentrations of SO 2 , NO x and NH 3 were significantly different.
Air Pollutant Emission Estimation
An emission factor approach was used to predict SO 2 , NO x and NH 3 emission from the dumpsites. The emission factor for the estimation of air pollutants level is a function of solid waste received by the dumpsite. This approach was adopted for air pollutants estimation based on average yearly solid waste generated at Awotan and Lapite dumpsites using Equation 
The information on the amount of solid waste moved to each dumpsite monthly for 2012 to 2015 was obtained from the state Solid Waste Management Board (SWMB). The total solid waste generated per capita at each dumpsite was calculated using the data obtained from SWMB. The API values for NOx, SO 2 and NH 3 emitted for the years 2012 to 2015 were subsequently estimated for Awotan and Lapite dumpsites.
Many mathematical air quality models have previously been developed to assess spatial variation in air pollution. Current approaches for such assessment include the use of interpolation methods and land-use regression models. 22 A curvilinear regression was employed to fit a curve using the estimated API values for each pollutant emitted from each dumpsite and years for which API values were estimated as input data. The SPSS computer package was used to fit first a straight line, then a quadratic curve followed by a cubic curve to the data. The cubic equations were adequate to provide a good fit to the data. A general regression model can be expressed as Equation 2.
where Y is the dependent variable (estimated API for air pollutant); x is considered an independent variable (period in terms of years for which API was estimated); a is the constant of regression and b, c, d are the coefficients of regression. The constant and the coefficients are obtained using least-square method, which minimizes the error associated with the regression. 
Results and Discussion
Characterization of Municipal Solid Waste
Waste generation in Nigeria was reported to be about 25 million tons annually, at a rate of 0.44-0.68 kg capita -1 day -1 .
24,25
According to SWMA in Ibadan, solid wastes of 503 309.68 metric tons per annum ( 27 The solid waste generation rates for the last three years as shown in Table 1 reveals a 23 % increase in the amount of solid waste generated in 2016 compared with the previous year.
The respective components of solid wastes from Awotan and Lapite dumpsites were primarily composed of biodegradable RESEARCH ARTICLE A.R. Ipeaiyeda and B.A. Falusi, 168 S. Afr. J. Chem., 2018, 71, 166-173, <http://journals.sabinet.co.za/content/journal/chem/>. materials (2.1 ± 1.4, 3.1 ± 0.4 %), glass (31.8 ± 2.4, 34.6 ± 1.6 %), metal (15.3 ± 1.3, 12.3 ± 1.1 %), textile and plastics (32.6 ± 1.3, 31.3 ± 1.0 %), leather (3.9 ± 0.5, 3.5 ± 0.6 %) and paper (14.3 ± 1.4, 15.2 ± 0.9 %). The decreasing order of the waste components was textile and plastic>glass>metals>paper>leather>biode-gradable (Fig. 2) . The sources of solid wastes such as glass and metals placed in open dumpsites are mainly a function of location, which can be of residential, commercial or industrial origin. 28 In this study, high quantities of non-combustible solids were observed compared with other components because the wastes deposited at the dumpsites were mainly from the residential areas. Metals, paper and leather were of small proportion owing to the fact that scavengers were actively busy on the dumpsites picking up the wastes for recycling. The collected items from the dumpsites are sold in bulk to various companies in Nigeria.
Emission Estimation of SO 2 , NOx and NH 3 from Solid Waste Dumpsites
Lapite and Awotan dumpsites received 30.5 % and 12.6 % of the wastes generated per annum in the year 2016 (Table 1) . Overall monthly average estimates of API were 67.5, 460.5 and 1151.2 tons annum -1 for emission of SO 2 , NO X and NH 3 , respectively, from Lapite dumpsite while corresponding emission of 27.9, 190.1 and 475.2 tons annum -1 from Awotan dumpsite were estimated for year 2015 (Fig. 3) . Thus, higher levels of the three gaseous air pollutants were estimated to be emitted at Lapite dumpsite than Awotan dumpsite. Similar high levels of these air pollutants were observed in a study conducted in Ogbomoso, Nigeria. 29 The curvilinear regression expressions shown in Fig. 3 indicates how estimates of SO 2 , NO X and NH 3 emitted (API) vary with the period in terms of years for which solid wastes were generated at both dumpsites. One way to forecast the likely amount of air pollutants emitted is to plot the estimated API against the periods and to fit the regression curve. The regression model seems to perform best for the amount of air pollutants emitted predominantly from point sources. 30 The estimated API and the periods were the input data to the computer regression programme, which generated the cubic equations shown in Fig. 3 for SO 2 , NO X and NH 3 . These cubic expressions were found to adequately provide a good fit to the values of API with R 2 values of 1.000 for all the expressions. Thus, the expression can simply be relevant to estimate the levels of SO 2 , NO X and NH 3 to be emitted in subsequent years for both dumpsites. The levels and distribution of these air pollutants can be considerably influenced by meteorological parameters such as wind direction, wind speed, relative humidity and rainfall. 31 However, these parameters were not considered in this present study. Therefore, consideration and detailed evaluation of the meteorological parameters of air at the dumpsites is recommended for further study to improve the predictions of the air pollutant concentrations.
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Concentrations of SO 2 , NOx and NH 3 at Dumpsites
The levels of SO 2 , NOx and NH 3 observed on monthly basis at Awotan dumpsites are shown in Table 2 , while their variations on hourly basis are shown in Fig. 4 . The respective SO 2 , NOx and NH 3 concentrations of 324 ± 28, 401 ± 45 and 741 ± 89 µg m -3 were observed at Awotan dumpsite on a monthly basis. These levels were lower than the corresponding levels of 388 ± 32, 651 ± 78 and 1290 ± 110 µg m -3 at Lapite dumpsite (Table 2) . This resulted in an increase in concentrations of about 20.0 %, 62.0 % and 74.0 % above the concentrations obtained at Awotan dumpsite. The increasing order of concentrations obtained at the two dumpsites is SO 2 <NO 2 <NH 3 . The monthly concentrations of SO 2 , NOx and NH 3 were significantly different with the exception of NH 3 for the first two months ( Table 2 ). The burning period of wastes at the two dumpsites is inconsistent. The inconsistency in the burning period could be responsible for the variation in the levels of pollutants emanating from the dumpsites.
There are variations in the levels of SO 2 , NOx and NH 3 with respect to the daily sampling period. The lowest levels of SO 2 , NOx and NH 3 were obtained between 8.00 and 9.00 am at both dumpsites. The levels gradually increased until 2.15-3.15 pm at which the highest levels were obtained. The exception in the increasing trend was noted for ammonia level at Lapite dumpsite for which the highest level was obtained in the morning between 9.15 and 10.15 am. Beyond 3.15 pm, the levels of SO 2 , NOx and NH 3 gradually decreased (Fig. 4) .
The levels of SO 2 , NO x and NH 3 obtained in this study were compared with specific air quality guidelines for Nigeria and some other countries ( above the national allowable limit and other international air quality guidelines. The emission of NOx resulting from combustion is mainly in the form of NO, which is generated to the level of available oxygen at temperatures above 1000 o C. Since NO is only slightly soluble in water, a 30 min trial of its inhalation is free of side effects except to infants and precarious patients. 32 However, NO is oxidized usually within an hour to NO 2 by radicals from the photo reaction of volatile organic compounds possibly at the dumpsite. 33 For environmental purposes, using concentration of NO 2 as surrogate for the concentration of NOx seems to suffice for the assessment of NOx quality in air. 34 On this basis, the levels of NOx observed in this study were above the NO 2 level recommended by UK and US air quality guidelines (Table 3) . Table 4 shows the levels of SO 2 , NO x and NH 3 as reported in the literature for some notable dumpsites in Nigeria cities and other countries. Dumpsites in other cities such as Effurun, Asaba, Yenogoa and Benin have higher SO 2 levels compared to 324 and 388 µg m -3 obtained in this study for Awotan and Lapite dumpsites, respectively. In the case of NOx concentrations, higher levels were found at Lapite dumpsite than other dumpsites mentioned in Table 4 . Ammonia levels of 1290 µg m -3 for Lapite dumpsite were higher than the levels in other dumpsites, with the exception of Effurun dumpsite where 1357.2 µg m -3 was reported (Table 4) .
Conclusion
This study revealed that there was enhanced air pollution of the dumpsites' environment with SO 2 , NO x and NH 3. The amount of wastes deposited at Lapite dumpsite was more than what Awotan dumpsite receives annually. Hence, air quality assessment at Lapite dumpsite indicated high levels of these air pollutants than at Awotan dumpsite. The current air quality at both dumpsites indicated that SO 2 , NO x and NH 3 levels were above the national and international air quality guidelines.
Information on air quality with respect to SO 2 , NO x and NH 3 levels has now been established in this study for designated Awotan and Lapite dumpsites in Ibadan. Thus, the assessment of these air pollutants at these dumpsites has provided additional baseline air quality data. In addition, the information becomes a useful tool to determine necessary control techniques or good approaches to be applied by the waste management board for air pollutant emission management at dumpsites. The effective techniques among many may include modification of combustion process and enforcement of waste characterization by the waste management board. The emission of SO 2 , NO x and RESEARCH ARTICLE A.R. Ipeaiyeda and B.A. Falusi, 171 S. Afr. J. Chem., 2018, 71, 166-173, <http://journals.sabinet.co.za/content/journal/chem/>. 
Figure 4
Variations of average concentrations of air pollutants (n = 2240) during the day.
NH 3 into the atmosphere at Awotan and Lapite dumpsites has potential to constitute a major public health hazard, especially to the dumpsite workers that are regularly exposed to the emissions and to people residing in the vicinity of dumpsites. Regular monitoring of the levels of these air pollutants into the atmosphere at the dumpsites is therefore suggested. § ORCID iD A.R. Ipeaiyeda: orcid.org/0000-0001-9674-1513
